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sV^clriiH. S.el-olti.o:| :i:^-i-S.Ei7l- 7flAl^4. 7l|Al^ i^^S-El^ ^ejolW-S^ 

-^51^ ^S-^lsM, 7]s^s. ■ilsV'^ ^37)^ 71^1^ ^-^s «ll#Al?lfe 

[i:ns:£l 
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^1020020071965 *^ °J^>- 2002/12/23 

sl-S.c]iiH. S-Bl-ol :ii^-i:£El{A spindle motor of the hard disk drive } 

S. 1^ f^eflsl =efol«.sl ^^^^ ^91 ^ 

£ 2fe £ 2^ SAl^a #2flol i:^!. £El5.-^Ei ^-a<^l Bfl*€ 

20o...i^-i-aE-l 260. 

261...^^^ 290....2.'a«ll#«J-^l^^l 
291... 292...^^* 

294... 295... ^-f-* 

297...Jl^-¥- 298...Jl^-l-7l-^ 
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^ x^i^3)- NRROCnon-repeateble runout)* ^:^^*>7l -i: Hfl^H^JS-i^fe T^^i^VS 

<il -^5Hl-S-<a-BiH^ (fluid dynamic bearing)^! ^-g-slfe i^-t-SE]!- ^V^^l-Jl Si 
4. 

^1 ^^S^l-^ ■y-^AS. ^1:^1^ ^ SicH Jl^^l^ al^#^^^7l- 

<16> nl-el-Ai, s]]o]z]'^ vi\]o]^^ A>nE2] si^igsl- -S-'a-^^Aj-ir ^^^^l^q 
*i--¥-^<^l ^-y- ^tb ^-^^^1^ ^ A>=Es)-s^ afl<H^ 
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^1020020071965 ^^>: 2002/12/23 

<17> 5. 1^- ^l^S.^ ^ sVf^o] ^Alofl xl^l^ ^ SlS.^ E^lol 

c^-a mi<H^3l- MBliS mi^H^f] ^s-aH ^^Elfe ^aflsl £e1s1 ^3:* 

<18> 1^ ^2:*>^, ^;^-i-S.EKlOO)fe A>nE(i50)iq- ^elclti.(i30)Al.oloil nj^^-flsl-Tll 

n^]^ ^^(bearing clearance)^! o^j,, ^7] #2^ o] u.(i30)Sl ^^^^ 

^ *>«.6fl^ ^<g- ^A^^ fltt rL^«.( 131)71- ^>asloi 

<19> A]:5.E(150)31 sl-Jf-iil ^l^lSlfe tifl :ii(110)-?1 ofl Sel^E ^-eHo] E (151)2}- 

Ee1>;E l-^xl(i53)7V ^^s\o] o^d-. -^71 EE-lr^iE i-ellolE(i5i)sq. Eei>::E s.^ 
^1(153) ^ *elo] w.(i3o)fi) A].oi<Hl£ -S-'a- ^^5^ ^^«.(nl£A])7> ^A^sjoi OJ 

<20> ^7] 4^e|olJd(130), Al:nE(150)ol 5]^^, Hei^E l-eflolEdSl) ^ EajiE 

1-^^1(153)^ '"•M'^lfe nl^lsl-Tfl Hflo1^:?]:^o1 a^s. -1-S>5.^ ^^VSSl'H 

<2i> >a-7i ^Eioia.(i3o)si ■a^oflfe 5i^iso.^-^E.-i -1-svs.s. i'a^<a^ 

(160)7> t-V^SIc*! $X^. lE^, ^7] Ee^-iE #?l;^l(l53)2l ^o]^o\]s. 2.<Q^ 

<a^(i60)7i- D>^si<H sicf. ^71 ^<a^"a^(i60)# ^"3=1^ -fi.'a-Sr ^^iioi^ ^ 

^dfl iifl^^H, ^7] A>=E(i5o)fii s]^ A] zL^«.oii sisv^i '^■^'=^1 s}sH 
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<22> ^^y^ *2flSl 5l-S.tqiii3. S.HfolU.o^ ri^l: 3.B\^ A>=E7> 

31^^<H1 ttj-e^- ^-a-a- els>o<^ -goi ^^jj^tif. Bfl<H^^^°11 ^^^^^ 

^ cf^s] ^yl-a^Xair bubble)7> <>lsl«- ^7l<g^V^ ufl^l^ ?>-^<^^-1 

<24> H 2^ H1<H1 S-^^m *2flSl £El<=>il^-1 ^"a-^l Bfl#€ ^Efll- -£^<^1 

<=H1 -2- ^-^5. Hfl#€ i-a^ ^€1- S-tl ifl:?-!- ^<§Al?ic|-. 

<26> 2:^ -^1 <^l-ir -^Volofl>H ^^^5]^ ^(metal 

particle)^ «lH^^V^^sl ^<au!). ^<y^4. ^l^l* ^-^^ 
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<27> ^ ^^^^ -^-71 S-:^!^* ^^S.. «flo1^?]:^<=^l^i ^>SS^ S^^a) ^^^sl 

^wl^ e>Si^ia S.e|-olH.Sj :t:a»2.Ell- :^]^%<^] n s-^o] ^t]^_ 

l^T^S] ^A^ ^ 21-8-1 

<28> >a-7l ^^^*>7l ^larM -S- ^"^^ *>S.tq>ia £.Hl-c>ly.Sl >i:&l-£E-1fe uflol 

iSf, ailoli<Hl A>nESl-2l A>olojl ^]o]^ ^-^o] ^A^s]c^ .^V7l A>aE 

# EB]>;E «j-^O.S. ^I^l5>^ EBliS l-ellolEfil-, >8-7l A>aE7> ifl^g-^-^l 
A-1 A>nEa) AHofl^ ^O]^ ^^o] ^ A^ E) ^ ^7] A>nE7> 

i4i ^7l A>aE^ ello1cl<a IJ-^^S. ^l^l*>fe #el6l«sq-. ^7] ^5^ola.sl si 

^011 ^^lElol, ^71 A):HE Sl:^ A] ^■go] ^V7l ^'^^'a^l- *5><^ S^^^S. ^l^Sl^ 
I^MsM, ^^Sl 71^5. ?1*M 7l^lfe SI-^S. Bll#Al?l^ ^^Hfl#U-;^l 
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^1020020071965 °J^>: 2002/12/23 

^^7m ^^J5|<H Xife €-i-^^ ^^-^-si-, -S-^l ^^^^ V]^] ^ 

^^•a-*j=o.s. ^^7fl2i ^^#01 ^^^sl-H Sl^. f^^a^*^^ 

<32> ^ ^tgofll 4 3.^, ^1-71 ^^^4 Jl^^-i- 71-^21 ^^^^<^]^■. 

<33> olsV i^a^ %i«><^ ^ ^t^ofl «>^2lt!r ^^1<^1* ^Ml^l-Tll -M^5> 

<35> £. 3^ ^2:*>ia, =e^-olH.o^ i:a-l-aE.K200)fe tiflo1i(210), 

(270) ^ AJ:HE(250)S ^^^Slol xicf. ^7] A>nE(250)fe ^7] ja.(270)o)l ^^1 
^-1^ 91'=^, ^71 el«.(270)7> Sl^El-a ^^1 ^'-71 a11ol>.(210)o11^ Se-liE 
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^1020020071965 ""J^V: 2002/12/23 

#^lo1S(251)7> -a^lSlol $X^^. ^7] EBj^E l-ailolE(251)2l ^^ofl^ ^y] A-^s. 
E(250)^ -a^ol '^^] ^'l^^^l^ ee^^E 1-^^1(253)7> ^dAlsl<>| $Xv^. 
<36> ^7] EB|iE 1^5llolE(251)Sf Ee^-i:E ^^;^l(253)sl ^^oflfe =L vfl^-¥-<^ ^ 

7l A]:HM(250)7> 7>^s>7ll ^^ISlfe ^Elolu.(230)7> -a^lSl^H Slcf. ^7l *5lol 

a.(230), A]:=E(250), EE^>iE 1.5llolE(251) ^ Ee-l^E l-^;:^! (253)7}- ^#5> 

<37> ^7) Ee^>;E l-eflolE(25i)sf ee-I^e l-qfl;^! (253)7} ^^s>^ "34 -^^"71 ee:] 
^E -i-^;:^! (253)5} #elol«.(230)7l- ^#2}^ ia<Hl^ is}^!^ ^ ■g-'a-* ^^S'^l 

?l7l n^«(nls.Al)7> ^71 n.^^^ A]:nE(250)sl AloJl ^7l ml 

<H^^^ iJl-^Hl ^'SS. S}<^-^ ^7] A]:nE(250)» # aJ-^O.^ ^l^l^l-S.^ S} 

71 ^tt ^^3^1 ^jc}. 

<38> a*}, ^7l #5lola.(230)al ^ *>^°)|£ ^^S^l5'l7l fl^ 

zi^«.(231)7> sm-. nl-el-'H, ^7l A>aE(250)7> ^ -^7] rL^«(231) 

B1H^^>^ ^<^1 ^K-l^m -^^l ^l:ss.(250)l- w]:;g«J-«j=^s ;^1;^1«>£ 

^ SV71 *<a-^ ^^SAl^Cf. 

<39> ^V7l Hiloli(2l0)ollfe ^1-71 *eloly.(230)2l -sq^^ll S<H(211)7> ^*1^<H 

$jo.i3^, o]6\] cfl-g-^M ^^-71 *ltt(270)°llfe ^7l ^n^] 3c,1(211)sf ^S. ^ 
^>7l^^ ^A^sV^ A^^(271) ^ o>^^j!(272)ol €^1S1<^ Si^-. 
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<40> ^7] ^<H(2ll)S)- Aia.(271) ^ o>ZZ.'-5!(272)^ ^^^-8-5><=^ ^^1-71 ^o] 

^^5^^^. ^^l-7l^<H) Sl5l-<^ ^7] 5lu.(270)7> 3l^£)^Al ^7] *1^(270)<Hl ^ 

<4i> j^7] ^e)oi«(230)si ■a^oflfe sq^-?-s.-¥-Ei ifl^-^s ^-i-sls^ ^^^^ 

<a^(260)7> ^^^sl<H 91^. ^71 S^;^1(253)S1 ^^s)- ^sVji Sife ^ 

71 *elola.(230)Sl El-^oil£ ^^^^^(261)71- ^7] ^-^^"^^(260) 

fil^fiV BlH^l!:^* -f-^VS-S. <Q:^^z].. u[s^^.^ s\^s.^^ -^7] ^<a^'a^(260)» 

<42> >g-7l ^<a^<a^(260)(261)<=^lfe ^'a«ll#'S-^l^^l(290)7> ^^lSl<H £ 4^1- 

£. 5# #2:51-^, ^7) ^-auflt-'a-^l ^^1(290)^ ^•^-¥-(291). ^Ei-?-(294) ^ Jl^^ 
(298)71- ^S. ^^51 <H 

<43> ^V7l ^^^(291)^ ^l-^^i-'^H, ^-y^-^^l ^^^^ #11 «*-^(293)7> ^^^51 

«H ^71 :&-i-^(293)^ i21^-?-S.-¥-El ^71 ^^^(291)^ 

l-^^l-¥-(293a)7> r^}^s\o] ^t\.. ^7] «• ^^1^( 293a) oil ^=^^7llsl 
*(292)°1 i^^^* ^Jl ^-S-Sl-H ^^^Sl-H -^-71 ^^#(292)^ ^71 ^B\^ 

(294) ^ Jl^j-^(298)7> ^^51^ Eflolal^^oi ^^ci-^o.^. ^^^Elol 

<44> ^s]^i294)^ ^-i-^-^oH, f^^^^Hl ^^^S. ^*^(296)7> ^^^sl 

<H Sli^. ^7l ^•§■■¥■(296)21 $]^^s.^B] -^7] ^El-¥-(294)Sl A}o]6\] 
»a^l-^(296a)7> o>S£|oi sicf. »^;^l-Y-(296a)<Hlfe ^^'U-^o.S. -^-^^^/flsl ^-f- 

*(295)ol ^^^^^ ^31 ^^^o] ^^^^cf. ^7l ?J:-f-^(296)<^lfe 

(membrane)<»l ^^1=1^ hV^^I^V^. ^7l 'aw-S^l^l-g- -f-^^l^l^l ^A^'^i . 
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l-SBlSl Uilol^^a-^ tflofl ^<a^ ^'a-a-'a^(290)l- Hfl*£l^l 

<45> ^7] Jl^^(297)^ ^^^^a-^H, ^n^S. «*-¥-(299)7> ^i^^S] 

<^ 91"^. ^7] ^*^(299)S1 >a-7l 3.^^(297)$] s]Pi^ a}o]6\] 

*^^1-¥-(299a)7l- ^}^S\o] SX^. #^xl^(299a)°fl^ ^^^^^^o^S. ^7] 3^^^ 

(297) 71- ^7) ^&|^(294)o)l ^^Sl^ wJ-^^S. 1-#5]<>1 ^A^^ Jl^J 1-71 -^(298)71- ^ 
^is\c^ Sicf. ^7l ol^#7l^(298)fe ^7l ^^^(292)oll 77]^]^]^.^ Eflolai^^, 

<46> ^^^(291), ^6-1-^(294) ^ Jl^-^(297)lr -^^S ^1^^, ^7] Jl^l-7l-^ 

(298) fe ^^71 ^l-*(295)* ^J-7) ^i-^#(292)oll ^l^-l^cf. "^Is^-^t'^l 
-2.^«11#lJ-^l^^l(290)fe -^71 ^^^^^(260)21 vfl^ofl l-#£)7fl ^A^^ ^7l 
(261)ol| ^el£^ 

<47> ^^^(261)^ ^^-71 ^<a^°jT^(260)Sl m^'-il cfl^lElS^ -M^l^lol Si 

o.q., ifl^^ 4e)- lr# ^^^^ ^£ 5icf. 

<48> i£ 6* #2:s>^, ^ ^^31 2^Al<^loil 4^ iL^Bn#'3-;^l^J-^l7> Z^]^o] 

Sii^. 2^Alc^loflAi i<aiafl#>JJ-^1^^1(390)fe 'SH^l^lOQl)* -^7] i<a^<a^(260) 
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<49> ^^t!- ^ ^tgofl 4^ sl-^n^^ia ^el-o1a.a] rii^-f-S-E-l^ ^'fl^'y 

<5o> ^ ^^-e- s'S'Hi -a ^'^i^^ii- ^ji^ 'i'gsva^M- <^ife <^i-^i^^ 

^^o] 7i.^e>rl-fe oisfl^ ^<^14. itl-el-^i ^ ^'^21 71^2^ a.s'^^ 

^ ^si^^'S^^ 71*2^ AV^-^l 2^«llA-l ^s(l;^<^> ^ ^oicj.. 
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1] 

1- EE:|iE ^f^o_s. Eei^xS l-ellolE<4; 

'S-yl A]:S.E7l- tfl^Y<^l -a-SJ^l^^i -^71 Al:nES] S]^^S[^ AH ofl ^ ^]o]^ ^ 

^; 

^7l *e|ola. ^^ofl iq;a^o.s.-^Ei vfl;^-f-s. ^-f-SlTfl ^^^5)<H nflcH^ 

^7i ^■a^'a^si vii#<H) ^^isi^H, A>aE A] i-go] ^7i i'a^'a^ 

» *S}0^ Sl^S ¥»S)^ '^^l^l-o^. 7l5l-S <Jls>0^ A^7)^ 71^1^ ^^S. 

21 
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^}B.T:]i:.3. ^^-l-a&l . 

3] 

'gu.Sflol^ i-a^-a^^ll ol*^'=^ ^^1=1^ ^^'-2.5. ^ 

^ S>H.Cl>ia. :ii^#iEl. 

^'JJ-sj^o.s ^^71121 ^A^sjcH f^^:^oiife -atiefl^lol ">^5lfe ^e]^ 

*Bl^, Ji;^^^ ^ ^^^^ -^^^ ^1^^ ^^fj^ ^7] ^<a^<y^2l lfl^<^l 

[^^^ 51 

^1 9X<=>]^^, 
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